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Thfflnvention 

^jfaVVt^y The application discloses methods and kits for isolating nucleic acids from a sample. The 



REMARKS 



methods use a solid support that includes an organic polymer, and the nucleic acid is bound to 
the support in the presence of a detergent and in the absence of any chaotropic agent. 

The Office Action 

Claims 1-4, 9-11, 13, 16-18, 20 and 22-24 have been rejected as being anticipated under 
35 USC 102(e) by Cros et al, US Patent No. 5, 510, 084 (referred to herein as "the Cros patent"). 
The Examiner has also rejected claims 1-24 under 35 U.S.C. §103(a) over the Cros patent, in 
combination with the 1994 Pharmacia Technology Products Catalog ("the Pharmacia catalog"). 
Claims 5 and 24 have been rejected under 35 U.S.C. §112, second paragraph. The Examiner has 
withdrawn the previous rejections of claims 1, 2 and 14, and 13 and 19-21 for anticipation and 
indefiniteness, respectively. 

Pending Claims 

Claims 5 and 24 have been amended, and claims 25-26 have been added. Upon entry of 
this amendment claims 1-26 will be pending in the application. No new subject matter has been 
added. 

Claim 5 has been amended to specify the additional step of disrupting or lysing structural 
components or cells in the sample and the timing of such step, i.e., prior to the contacting step. 
Support for this claim amendment can be found, e.g., in the last paragraph of page 6 of the 
specification. 

Claim 24 has been amended to recite the biochemical manipulation encompassed by this 
claim, i.e., detection, hybridization, amplification or quantification of the bound nucleic acid. 
Support for this claim amendment can be found, e.g., on page 1, lines 9-10 and 20-22; page 12, 
lines 10-17; page 13, lines 20-22; and in Examples 6 and 10 of the specification. 

New claims 25-26 have been added. Support for these new claims can be found, e.g., on 
page 5, lines 21-22 and in the last paragraph of page 6 of the specification. 
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In view of the foregoing claim amendments and the following remarks, it is respectfully 
submitted that the application is in condition for allowance. 

Rejection of Claims 5 and 24 under 35 U.S.C. 112, second paragraph 

On page 2, lines 1 1-30 of the outstanding Office Action, the Examiner rejects claims 5 
and 24 under 35 U.S.C. 112, second paragraph, "as being indefinite for failing to particularly 
point out and distinctly claim the subject matter which applicant regards as the invention." 

With respect to claim 5, the Examiner states that the meaning of the phrase "additional 
steps" is unclear. 

This rejection has been met by amending this claim to delete the language objected to by 
the Examiner, and by specifying the additional step of disrupting or lysing structural components 
or cells in the sample and the timing of such step, i.e., prior to the contacting step. 

Claim 24 has been rejected because of its recitation of the term "biochemical 
manipulation," which according to the Examiner "lacks specificity and is indefinite with regards 
to the number of biochemical techniques available to one of skill in the art." 

This rejection has been met by amending claim 24 to recite the biochemical 
manipulations encompassed by this claim, i.e., detection, hybridization, amplification or 
quantification of the bound nucleic acid. 

In view of the foregoing, Applicants respectfully request that the rejection of claims 5 
and 24 under 35 U.S.C §112, second paragraph, be withdrawn. 

Rejection of Claims 1-4, 9-11, 13, 16-18, 20, 22-24 under 35 U.S.C. 102(e) 

On page 5 of the outstanding Office Action, the Examiner rejects claims 1-4, 9-1 1, 13, 
16-18, 20, and 22-24 under 35 U.S.C. 102(e) as being anticipated by Cros et al., 
U.S. Patent No. 5,510,084. According to the Examiner: 

Cros anticipates these claims as it teaches the use of an organic polymeric support in the 
separation and isolation of nucleic acids of either DNA or RNA. Cros et al. teach the use 
of natural or synthetic materials which may or may not be chemically modified as solid 
supports such as nylon or polyacrylate. Cros et al. teach polymers such as 
polydivinylbenzene, polystyrene, polypropylenes, polyethylene and copolymers thereof 
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as preferred supports for the immobilization of nucleic acids in diagnostic tests, affinity 
chromatography and in separation processes (col. 4, line 17- col. 5, line 4). Cros et al. 
also teaches the use of detergents such as alkaline sodium phosphate in the isolation 
process (see Example 12). 

Applicants respectfully traverse the above-quoted rejection. 

The rejected claims are directed to methods and kits for isolating nucleic acids (e.g., 
DNA, RNA) from a sample. The method requires contacting the sample with a solid support in 
the presence of a detergent and the absence of a chaotropic agent. Thus, the rejected claims 
require the binding/contacting of the nucleic acid in the sample to the solid support to occur in 
the presence of a detergent and the absence of a chaotropic agent . 

The Cros patent fails to disclose, expressly or inherently, a process for isolating a nucleic 
acid where the binding of the nucleic acid to a solid support occurs in the presence of a detergent 
and the absence of a chaotropic agent, as required by the rejected claims. The Cros patent 
discloses a process for non-covalently immobilizing, on a solid support, a nucleic acid fragment 
(preferably, a fragment containing fewer than 100 nucleotides) modified to be coupled to a 
ligand. The covalently-bound ligand moiety of the modified nucleic acid fragment immobilizes 
the nucleic acid fragment to the solid support. This reference further describes the use of the 
immobilized fragment as a "capture oligonucleotide" to recognize and bind a target sequence 
having a specific predefined sequence. 

Example 12, which is pointed out by the Examiner as allegedly describing "the use of 
detergents such as alkaline sodium phosphate in the isolation process" does not mention the use 
of a detergent in the nucleic acid binding/contacting step . This Example simply describes the use 
of four sodium phosphate buffers at different pH's to immobilize the capture oligonucleotide to 
the solid support. No detergent is included in the Cros patent's binding step. Alkaline sodium 
phosphate is a buffer solution, not a detergent. A detergent must comprise a surface active 
ingredient. The following is a definition taken from The Comiti International de Dirivis Tensio 
Actifs: 
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Surface Active Agent: Chemical compound which, when dissolved or dispersed in a 
liquid is preferentially absorbed at an interface, giving rise to a number of physico- 
chemical or chemical properties of practical interest. The molecule of the compound 
includes at least one group with an affinity for markedly polar surfaces, ensuring in most 
cases solubilization in water, and a group which has little affinity for water. 

The sodium phosphate used as a buffer in Example 12 does not satisfy the above- 
described requirements of a detergent, e.g., a group with little affinity for water. For example, 
sodium dodecyl sulphate (SDS), which is listed in the last paragraph on page 7 of the 
specification as an example of a detergent that can be used in the methods of the present 
invention, has a dodecyl group that has little affinity for water and a sulphate group that has 
affinity for polar surfaces. Sodium phosphate does not have these properties since it lacks the 
lipophilic group. 

The Cros patent does disclose the use of detergent- (i.e., Tween-) containing solutions in 
the washing steps to remove unbound fragments; however, these washes occur after the binding 
step has taken place. Nowhere does Cros suggest any reason to use a detergent in the initial step 
when the sample is first contacted with a solid support and a soluble nucleic acid in the sample 
becomes bound to the support, as required by the present claims. 

Furthermore, the rejected claims require that the soluble nucleic acid in the sample "is 
bound" to the solid support. Thus, the claims require direct binding of the nucleic acid to the 
soluble support. In contrast, in the method of the Cros patent, the nucleic acid molecules are 
isolated by binding to complementary oligonucleotides that are covalently attached to ligands 
that are largely proteinaceous and/or hydrophobic in nature. These ligands bind non-covalently 
to the solid support primarily via hydrophobic and polar interactions (see column 24, last 
paragraph of the Cros patent). Therefore, the binding of the nucleic acids to the solid support in 
the Cros methods is indirect, as opposed to the direct interaction to the support required by the 
present claims. 

Since the rejected claims require direct binding of the nucleic acid in the sample to the 
support, and require this binding to occur in the presence of the detergent, the Cros patent fails to 
disclose, expressly or inherently, each and every element required by the rejected claims. 
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Accordingly, claims 1-4, 9-11, 13, 16-18, 20 and 22-24 are not anticipated by this reference. A 
claim is anticipated only if each and every element as set forth in the claim is found, either 
expressly or inherently described, in a single prior art reference [See MPEP 2131, quoting 
Verdegaal Bros v. Union Oil Co. of California, 814 F.2d 628, 631, 2 USPQ2d 1051, 1053 (Fed. 
Cir. 1987)]. 

Reconsideration and withdrawal of this rejection of claims 1-4, 9-11, 13, 16-18, 20 and 
22-24 is respectfully requested. 

Rejection of Claims 1-24 under 35 U.S.C. 103(a) 

On pages 4-5 of the outstanding Office Action, the Examiner rejects claims 1-24 under 
35 U.S.C. 103(a) as being obvious over Cros et al., U.S. Patent No. 5,510,084, described above, 
and the 1994 Pharmacia Biotechnology Products Catalog ("the Pharmacia catalog") already of 
record. To support this rejection, the Examiner repeats previous arguments that: 

One of skill in the art would clearly recognize the common use of detergents within the 
art of purification of nucleic acids; moreover the Pharmacia product could be used in the 
absence of a chaotropic agent, barring evidence to the contrary, which has not been 
presented by applicant; moreover, detergents listed in the specification (p. 8) such as Tris, 
Bicine, Tricine and phosphate buffers have been routinely used in this art for the 
preparation, isolation or separation of nucleic acids (see Cros et al. cited below). Given 
this, one of skill in the art would clearly recognize the common use of detergents within 
the art of purification of nucleic acids. 

The Examiner cites the Cros patent "to show the obviousness of the use of solid supports 
and non-chaotropic buffers in the isolation or separation of nucleic acids." 

The pending claims are directed to methods for isolating a nucleic acid (e.g., DNA, RNA) 
from a sample by contacting the sample with a solid support in the presence of a detergent and 
the absence of a chaotropic agent. Kits for carrying the aforesaid methods are also disclosed. 

The cited references, alone or in combination, fail to render obvious the claimed 
invention. As discussed in more detail below, even if these references are combined as 
suggested by the Examiner, their combination does not disclose or suggest the claimed invention, 
i.e., a method for isolating a nucleic acid from a sample where the contacting of the nucleic acid 
in the sample to the solid support occurs (i) in the presence of a detergent and (ii) in the absence 
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of a chaotropic agent, and where the nucleic acid becomes bound to the solid support itself (as 
opposed to being bound to a capture probe or a ligand that is fixed to the solid support). 

The cited references are discussed individually and in combination below. 

The Pharmacia catalog discloses an oligo(dT)-cellulose affinity column for mRNA 
isolation. This column is used for the sequence-specific separation of poly(A)-containing 
mRNA from a sample. The cited catalog fails to disclose or suggest that the claimed method 
could or should be carried out (i) in the presence of a detergent and (ii) in the absence of a 
chaotropic agent, or that the binding is directly to the solid support. 

The secondary reference of Cros fails to make up for the deficiencies of the Pharmacia 
catalog. As described above, the Cros patent discloses a process for non-covalently and 
indirectly immobilizing, on a solid support, a nucleic acid fragment modified to be coupled to a 
ligand. The covalently-bound ligand moiety of the modified nucleic acid fragment immobilizes 
the nucleic acid fragment indirectly on the solid support. This reference further describes the use 
of the immobilized fragment as a "capture oligonucleotide" to recognize and bind a target 
sequence having a specific predefined sequence. The Cros patent discloses isolation of target 
molecules from a purified sample, i.e., a sample that has been already purified to isolate the total 
nucleic acid material. 

The Examiner cites to Cros to support the statement that "detergents listed in the 
specification (p. 8) such as Tris, Bicine, Tricine and phosphate buffers have been routinely used 
in this art for the preparation, isolation or separation of nucleic acids." Contrary to the 
Examiner's belief, the Cros patent does not mention the use of a detergent in the nucleic acid 
isolation/contacting step. The "Tris, Bicine, Tricine and phosphate buffers" listed by the 
Examiner are buffer solutions, not detergents. The differences between detergents and buffers 
are described in response to the Examiner's rejection of the claims under 102(e) above. Since 
there is no suggestion in either of the cited references to utilize a detergent in the contacting step, 
the Examiner has failed to make out a prima facie case of obviousness, and the rejection should 
be withdrawn on this basis alone. 

Furthermore, there is no suggestion in either reference that the contacting step be carried 
out in the absence of a chaotropic agent, as required by the present claims. The Examiner makes 
reference to the fact that there is "no evidence that one of skill in the art could not use the 
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claimed Pharmacia invention in the absence of chaotropic agents" and relies on the Cros 
disclosure as evidence that non-chaotropic buffers may be used in the isolation methods. The 
issue is not whether one of ordinary skill in the art could use the Pharmacia product with non- 
chaotropic buffers, but whether one would have been motivated do so. 

Applicants submit that the Pharmacia products were routinely used with chaotropes, as 
evidenced by Pharmacia patent, US 5,459,253, which describes the use of oligo(dT) solid 
supports, and Quick Prep instructions (relevant copies of which are submitted herewith as 
Appendices A and B). These materials explicitly require the use of chaotropes as imperative in 
the procedure (see, e.g., the summary of the invention, column 2 of Patent '253). The chaotrope 
is used to allow purification directly from a cell (and to inhibit RNAses). The only 
circumstances under which the chaotrope might not be used is if purification from a cell was not 
being performed and RNA was not being isolated. Therefore, the products described in the 
Pharmacia catalog (which are used to isolate RNA) would be used as described by the Pharmacia 
'253 patent, i.e., with chaotrope-containing buffers, in contrast to the claimed methods. The 
Examiner has not identified any evidence to the contrary. 

Finally, the methods disclosed in the Pharmacia catalog and the Cros patent differ 
drastically from the claimed invention in that the target nucleic acid of each reference is not 
bound directly to the solid support. In each case, the target nucleic acid binds by hybridization to 
the capture probe that in turn is non-covalently bound to the solid support. Thus, neither 
reference, nor the two in combination, can be said to disclose a method for binding a nucleic acid 
directly to a solid support, much less doing so in the presence of a detergent and absence of a 
chaotropic agent, or any reason to seek a way of doing so. 

A rejection for obviousness requires that the prior art teach or suggest all of the claim 
limitations. MPEP 2142. In the present case, the rejection for obviousness is flawed because the 
cited references fail to disclose or suggest that the binding of the nucleic acid could or should 
occur (i) in the presence of a detergent and (ii) in the absence of a chaotropic agent, or that the 
nucleic acid should be directly bound to the solid support. 

Applicants respectfully submit that newly added claim 26 is also inventive over the cited 
art. Claim 26 is directed to a method for isolating a nucleic acid from a sample by contacting the 
sample and a solid support in the presence of a detergent and the absence of a chaotropic agent, 
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whereby the soluble nucleic acid in the sample is bound to the support in a sequence-independent 
manner. This claim is clearly distinct from the disclosures of the Pharmacia catalog and the Cros 
patent, as discussed below. 

In the Pharmacia catalog method, the cellulose resin linked to oligo(dT) or oligo(dA) is 
used to recognize and bind target sequences having specific predefined sequences, e.g., mRNA 
with poly(A) tails or oligonucleotides that have a sequence complementary to dT or dA. The 
Examiner has countered Applicants 1 previous arguments by indicating that the Pharmacia catalog 
is also concerned with fractionation of oligonucleotides and therefore uses to isolate molecules 
other than poly(A)-containing RNAs are also contemplated. The Examiner's comments in this 
regard are also respectfully traversed. 

The catalog provides that the method disclosed is the method of choice for mRNA 
isolation and also is used for purification of nucleic acid enzymes, binding of steroid receptors 
and fractionation of oligonucleotides. " The catalog states that the Selection Guide may be used 
to determine the most appropriate adsorbent for the application. A copy of the corresponding 
1992 catalog describes the application of four oligo(dT)/(dA) solid supports produced by 
Pharmacia. The relevant pages are submitted herewith as Appendix C. The preamble of the 
1992 catalog (Appendix C) has the same language as the cited Pharmacia catalog and reference 
is made to fractionation of oligonucleotides. However, all of the applications provided in the 
Selection Guide rely on sequence-specific binding, since the ,f ligand n is a poly(T) or poly(A) 
sequence. The applications stated in the Selection Guide are to isolate RNA containing poly(A) 
or poly(U) sequences. Indeed, it is stated as one of the features that the oligodeoxynucleotide 
celluloses are highly specific for binding poly(A) and isolate poly(A)-containing mRNA from 
50-100 fold quantities of rRNA. The fractionation description concerns methods involving 
binding to specific polyA or T sequences. This may be, for example, to isolate the total mRNAs 
which could then be separated (i.e., by fractionation) on the basis of different lengths. Thus, the 
Pharmacia catalog only describes methods involving sequence-dependent binding. 

The Cros method also requires sequence-specific binding. This method employs a ligand 
to attach the capture nucleic acid molecules to the solid support. Examples 7 and 12 of the Cros 
patent describes a "sandwich 11 technique in which an immobilized fragment is used as a "capture 
oligonucleotide" to recognize and bind a target sequence having a specific predefined sequence. 
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In fact, the Cros patent provides an improved process for hybridizing target nucleic acid 
sequences to capture probes immobilized on a solid support because it maximizes the nucleotides 
exposed for hybridization. The covalently-bound ligand moiety of the modified nucleic acid 
fragment serves to immobilize the nucleic acid fragment on the solid support, thus maximizing 
the nucleotides available for hybridization. The target nucleic acid is indirectly attached to the 
solid support through sequence-specific binding, whereas in the present invention the binding of 
the nucleic acid to the solid support is direct. 

Therefore, the two references cited by the Examiner describe sequence-specific binding 
indirectly to the solid support, i.e., binding to oligo(dT) or oligo(dA), or to a particular 
immobilized oligonucleotide, respectively. The oligodeoxynucleotide celluloses of Pharmacia 
are used for affinity isolation by virtue of specific interactions between complementary bases of 
the target and capture entities. In contrast, in the invention of claim 26, binding is sequence- 
independent , and nucleic acid molecules bind non-specifically to the solid support (see page 5, 
lines 21-22, of the specification). The Pharmacia catalog and the Cros patent are not concerned 
with, nor suggestive of, the claimed method in which sequence-independent binding occurs. 

Thus, the invention of claim 26 is concerned with a new approach for isolating nucleic 
acid molecules, which would not have been obvious in view of the cited art. The cited 
references fail to disclose or suggest modifying the Pharmacia or Cros sequence-dependent 
method by including detergent, avoiding use of a chaotropic agent, and binding in a sequence- 
independent manner. Nor does either reference suggest a reason that sequence-independent 
binding might be desirable. 

The present invention allows, for the first time, the removal of chaotropes from the 
nucleic acid isolation method even when using samples which are not isolated nucleic acid 
material. Effective binding of the nucleic acid material is achieved in the presence of a 
detergent. Rapid and direct isolation of nucleic acid material is provided by the present 
invention, which is not reliant on any sequence information about the target. Instead, the total 
nucleic acid material is isolated, from which, thereafter, the techniques of Pharmacia and/or Cros 
could be used to isolate particular target sequences. Thus, the methods of the present invention 
provide an alternative to known methods of precipitation and extraction of bulk nucleic acid 
material, and were not foreshadowed by the prior art. 
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In view of the foregoing, no prima facie case of obviousness has been established for the 
claimed methods and kits. Applicants respectfully request that the rejection of the pending 
claims under U.S.C. §103 as being unpatentable over the Cros et al. patent and the Pharmacia 
catalog be withdrawn. 
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SUMMARY 
The present claims are in condition for allowance. 

Amendment of these claims should not be construed as an acquiescence to the Examiner's 
rejection. These amendments are being made solely for the purpose of expediting prosecution of 
the above-identified application. Applicant reserves the right to pursue the claims in this 
application or another application. 

If a telephone conversation with Applicant's Attorney would expedite the prosecution of 
the above-identified application, the Examiner is urged to call Applicant's Attorney at (617) 542- 
5070. 

A petition for an extension of time and check for the required fee are being filed 
concurrently herewith. A check to cover excess claim fees is also submitted herewith. Please 
apply any additional charges or credits to Deposit Account No. 06-1050, referencing attorney 
docket number 08269-003001. 



Respectfully submitted, 



Date: 



Fish & Richardson P.C. 
225 Franklin Street 
Boston, MA 02110-2804 
Telephone: (617)542-5070 
Facsimile: (617) 542-8906 



A a. Janis K. Fraser, Ph 
Reg. No. 34,819 




J.D. 
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Version with markings to show changes made 



In the claims: 

Claims 5 and 24 have been amended as follows: 

5. (First time amended) A method as claimed in claim 1, further comprising disrupting or 
lysing structural components or cells in the sample prior to the contacting step , [one or more 
additional steps to disrupt structural components in the sample or to achieve lysis of cells in the 
sample.] 

24. (First time amended) A method as claimed in claim 1, the method further comprising 
the step of detecting, hybridizing, amplifying or quantifying [subjecting] the bound nucleic acid 
[to further biochemical manipulation] after the separating step. 



READ ME FIRST 



• This is an electronic version, produced in 
Adobe Acrobat, of the instructions 
supplied with the product. 

• On most monirors, use of the file is 
simplest at 115-150% magnification in 
Acrobat, This magnification should make 
the print size easy to read and permit 
orientation through the instructions. 

■ The page numbering of the Acrobat file 
does not match the page numbering of 
the instruction booklet, since two 
instruction booklet pages have been 
assembled onto one Acrobat page. 
Therefore, references to page numbers 
within the instructions are referring to the 
page numbers within the instructions and 
not to the numbers of die Acrobat pages* 
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QuickPrep* 

mRNA Purification Kit INSTRUCTIONS 



QuickPrep* mRNA Purification Kit* h designed for the direct isolation 
of potyadenylated RNA from eukaryoric cells or ri&sues, bypassing the 
need for intneraediate purification of total RNA. Each purification can 
be performed in approximately 1 hour starting from as little as one cell 
or as much as 0.5 g of riuut. mRNA isolated with the kit can be used in 
numerous applications, such as cDNA synthesis, Northern analysis, in 
vitro translation and PGR (1). Sufficient reagents are provided for four 
mRNA purifications. 



*U.S. Patent No. 5,459,253 has been usued to Pharmacia P-L 
Biochemical* Inc. for coupled extraction and affinity purification of 
mRNA from eukaryoric cells. 
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COMPONENTS 

All components (except chose for the precipitation seep) are packaged in 
such a way that each mRNA purification can be performed with 
previously unopened materials. 



OUgofdiyCeUuiose Spurt Columns (4|; 

Extraction Buffer (4 vnis)i 

High-Sett Buffer (4 vials); 

Low-Salt Buffer (4 vials): 

Elation Buffer (4 vials): 

Glycogen Solution (2 viola): 

K Acetate Solution (2 vials); 
Sample Buffer (2 vlaJc]i 

" Trademark of Rohm and Hatti Company 

Additional reagents and the equipment required ore listed in Appendix 
page 17, 



OUgo(dT)-celiuk)flo suspended m a 
storage buffer containing 0,15% 
Kathon CG/IGP Biodde*. 

A buffered aqueous solution 
containing guanidiniuni thiocyanacc 
and N-hnroyl saicosine. 

10 mM Tris-HCl (pH 7 J). 
1 mMEDTA, OiMN&CI. 

10 mMlrJs»HCI(pH7>5 
1 mMEDTA, 0.1 MNcT 

!0mMTVU-Ha(pH7^), 
1 mMEDTA. 

5-10 mgftnl glycogen in DEPC- 
treated water. 

2.J M potassium acetate (pH 5.0). 

10 mM Tris-HCl (pH 7.5), 
1 mM EDTA. 3.0 M Nad 
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OVERVIEW 

QuickPrep mRNA Purification Kit is designed for the rapid isolation of 
mRNA from cukaryodc celk or tissues wirhour the need for intermediate 
purification of total UNA. Each purification can be completed in as lirde as 
1 hour depending on the purity of mRNA desired, the amount of scarring 
material, and the mRNA content of this material. The kit is especially well 
juiced for the isolation of mRNA from cells or tissues which are available 
in only limited quantities, because k eliminates losses associated with 
intermediate purification of total RNA, We have isolated mRNA from as 
little as one cell and as much as 0,5 g of tissue. For studies in which a larger 
amount of starting material is available and large amounts of pure mRNA 
are required, we suggest mc use of the RNA Extraction Kit (27-9270-01) in 
conjunction with the mRNA Purification Kir (27-9258-01, -02). 
QuickPrep mRNA Purification Kit combines the disruptive and protective 
properties of guanidinium thiocyanate (GTC, ref. 2 and 3) with the speed 
and seleoriviry of oligo(dT)<ellulose chromatography in a spun-column 
format pioneered by Pharmacia (4). The protocol is outlined on page 6 and 
briefly described below. 

Initially, the tissue is extracted by homogenizarion in a buffered solution 
containing a high concentration of GTC This ensures the rapid inacri- 
vatlon of endogenous RNase activity and the complete dissociation of 
cellular components from the mRNA. 

The extract is then diluted three-fold with Elution Buffer, to reduce the 
GTC concentration to a level which we have selected very carefully: low 
enough to allow efficient hydrogeo-bondrng between poly(A) tracts on 
mRNA molecules and oligo(dT) attached to cellulose, but high enough to 
maintain complete Inhibition of RNo&ea. As an added benefit, the three- 

4 

fold dilution causes a number of proteins go precipitate, allowing them to 
be removed easily by centrifugatioo, 

After a brief second homogenJ ration, the extract is clarified by centri- 
fugarion, the supernatant is poured into an OUgo(dT) -Cellulose Spun 
Column, and the polyadenyiaced fraction is allowed to bind over a short 
period of time with gende mixing. Hie column is subjected to a low- 
speed ceturifugarion, and the liquid containing the non-bound material is 
decanted. The matrix is batch-washed sequentially with High-Salt and 
then Low-Salr Buffer. Finally, the sample is elutad from the matrix with 
prewanued Elution Buffer* 

Each Spun Column has the capaciry to bind up to 25 Mg of polyadeny- 
lated RNA. Purity is dependent on the number, of cells extracted. If fewer 
than 10 7 cells am extracted, the mRNA isolated will have a purity of 
greater than 90%; with progressively larger tissue samples, die purity 
may gradually drop to - 50% (or in rare instances, even lower). 
The RNA Isolated with the kit is essentially free of DNA and protein 
contam inarion. It should be of sufficient purity for most end uses, if 
further purification of the 6ample (5 desired! h may be subjected to a 
second spun-column purification as described in Appendix 2. Note, 
however, that the use of a second column will consume a second set of 
reagents, thus decreasing the total number of purifications possible with 
the kit. In any case, the use of a second column may not be advisable 
when purifying mRNA from small amounts of cells, because it may 
reduce the final yield below useful levels for some applications. 
The kit contains both porauiurn a cerate and glycogen solutions for 
precipitation of mRNA in cases where 1c if not sufficiently concenrrated 
for use directly in the selected application, 
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Outline of overall procedure 
Extract tissue or cells 

Homogaftto In Extraction Buffer 
□Rule w(Ut 2 vo|uma& of EKiUert 
Buffer 

„ f Contdfuse tor fi minute* 

Load supernatant onto 
OliQa(oT)-CBiHjl0se Spun Column 

Mix for 1Q mlnuiM 
CafltfTuge for 2 rnlruteafdaeani 
t^fttrt «4T 3 X 3 (Pt H^Satt 

Wasfi wfr 1 x 3 ml Lay-Soil 

WhshwHhU3ifllL0^£fill 
Buffcpfipin through column 

Butt wfch 3 x 025 mf BiAxn 
>r Qufhraeas^ 

Recover mRNA 

I 

Purify over second column 

I 

Quantltate mRNA 

PredpftatemRNA 
End uee 

PROTOCOL 

Introduction 

Below axe several points which should be reviewed prior co beginning ihe 
procedures. 

RNase*Free Conditions 

The most important consideration in any purification of RNA is pro- 
tection of the sample from contamination with ribonudeases (RNase), 
The tea gems provided with QuickPrep mRNA Purification Kir are tested 
for RNase contamination prior to shipment. Any other plasdc- or 
glassware which may come into contact with The sample should he 
autoclaved or otherwise treated to prevent RNasfi eoata ruination (5). 
Fresh stoves should be worn during the purification , both to protect die 
researcher from contact with solutions and co protect the RNA from 
nucleases present on the skin. Protective eyewear should be worn at all 
times. 

Spun-Column Chromatography 

A centrifuge with a swinging-bucket rotor capable of accommodating a 
15 ml centrifuge tube with a spun column inserted into it should be used. 
For consistent results, it is important to maintain the correct time and 
speed of centrifugation when using che 01igo(dT)-Cellulose Spun 
Columns, 

• Timet A digital timer should be used to ensure consistent run rimes. 
Variation in the time of centrifugation will cause di$ccep3Qc{es 
between the volume of solution applied and cbe volume of sample 
eluted. 
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• Speeds For a force of 3 JO x g, calculate Che required speed using the 
following formula; RCF = 350 = (1.12) (r) (rpm/lOOO) 2 , 
whore RCF » relative centrifugal force; r = radius in mm measured 
from center of spindle to bottom of rotor buckets and rpm = 
revolutions per minuce. This equation resolves to; 

rpm p 1.77 x 10* 

i* 

For example! with a rotor having a radius of 170 mm, the appropriate 
speed would be 1,360 rpm. We have found it useful to mark the 
position on the speed control of the centrifuge which will yield the 
correct RCE 

The buckets, column and counterweight should be balanced prior to 

centrifugarion. This is especially important during sample eJution. 

Occasionally; a very small amount of resin may leak from the column 

during the draining step and cmtrifuganons. This leakage is minimal and 

should noc interfere with the performance of the column. 

The columns have a finite capacity and can be overloaded. Overloading 

the columns will result in a decrease of die AWA^ ratio of the final 

product and thus the purity of the mRNA isolated/ 

The columns may become slippery if Extraction Buffer is spilled on the 

outside surface, so exercise caution in handling them . 
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Essential Preliminaries 

m Procedures A and B must be pafnrmod without pause, from 
disruption of cells or tissue to elurion of the poly(Af* KNA. 

• Make sure that all materials are ready before starting the procedure 
(see also Appendix 1), The Extraction Buffer should be wanned to 
room temperature, with any crystallized material completely 
dissolved, before use (see Procedure A), 

• Work at room temperature except where specifically directed 
otherwise. 

The instructions which follow are for a single column purification. If a 
second column purification step is desired, refer to Appendix 2. 
In the text which follows, materials provided as components of the kit 
appear in boldface rype. 



Caution: 

■ Extraction Buffer and K Acetate Solution are irritants and 
should be handled with care. 
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Procedure A; Extraction of Sample 



During extra cuqh, disrupted calif may appear to "clump together", 
or the homogenate may become quite viscous. Neither of these 
phenomena will affect the outcome of che extraction. Continue the 
procedure uninterrupted. 



• Approximately 20-30 tributes before the tissue or cell sample will be 
ready for extraction, remove the Extraction Buffer from storage ac 
4°C and place it at 37°C Shake che bottle occasionally, until all the 
crystalline material is dissolved. Cool to mora temperature. Note: If 
the crystalline material persists, place the horde at SS°C and shake 
occasionally. If it Is difficult to get the final crystals into solution, 
simply allow the crystalline material to settle and pipette the solution 
away from the crystals. This will nor result in any deleterious effects 
on buffer performance. 

If working with cultured cells, proceed as described on page 11. Other- 
wise, proceed as described below. 

For Extraction of Tissue (up to 0.5 g) 

• Place the tissue in a chilled homogenizer (either manual or 
mechanical) and add 1~S ml of Enaction Buffer. 

• Homogenize the tissue until it is & uniform suspension. Avoid the 
generation of excess heac or foam, 

• To dilute the sample, add 3 ml ofEtation Buffer to rhe extract and 
rnbe thoroughly. Homogenize briefly, then transfer the homogenave 
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into a sterile polypropylene centrifuge tube. Place the remaining 
- Elurion Buffer at 65 D C unril needed In Procedure B. 

• After assuring that each tube is counterbalanced, centrifuge the 
diluted extract at approximately 12,000 x g (eg. 10,000 rpm in a 
Beckmaa JA 20 rotor) far 5-10 minutes at room tempera ture,,then 
proceed to Procedure B. 

For Extraction of Cultured Cef1$ (up to Sx W cells) 

• 7b extract cell* grown as a monolayer. Drain the culture medium 
from the cells in one 75 cm 2 flask, then add 1.5 ml of Extraction 
Buffer directly onto che cells. Swirl die buffer over the monolayer to 
assure complete cell lysis* If desired, this Buspesudon can be cranaf erred 
onto an additional monolayer to ryse these ceils. 

Alternately, first treat the celts with trypsin before extraction: This 
should be the method chosen if you plan to pool cells from several 
plans or flasks. Using standard procedures, treat the cells with trypsin 
to detach them, centrifuge to pellet them, and resuspend them in 
phoaphaee-bu&red saline or similar solution. If desired, count the 
cells by hemocytornetry and trypan blue exclusion (6), Pellet die cells 
by cenuifugarion, and discard rne supernatant. Add 1.5 ml of 
Extraction Bu&ti 

To extract cells grown m suspension: If desired, count the cells by 
hemjocytomerry and trypan blue exclusion (£). Pellet the cells by 
centrifugatian, and decant end discard the supernatant. Add 
1.5 ml of Extraction Buffer to the pelleted cells. 

• To assure a homogeneous extract* disrupt the cells using a homcr 
genizor ox pass die extract through a 21 -gauge needle attached to a 

syringe. 
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* To dilute the sample, add 3 ml of Elurion Buffer to the exrracr and 
nibc thoroughly. Homogenize briefly, then transfer the homogenaie 
into a sterile polypropylene centrifuge tube. Place the remaining 
Elttcion Buffer at 65°C until needed in Procedure B. 

• After assuring chat each tube ia countei^balanced, centrifuge the 
diluted extract at approximately 12,000 x g (e.g. 10.000 rpm in a 
IW I rrn ii n JA 20 rotor) for 5-10 minutes at room temperature, 

♦ Proceed to Procedure B, 
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Procedure B: Isolation of mRNA 

• Invert an OUgc^dT)-CeIliilDse Spun Column several rimes ro resus- 
pend die matrix 

■ Remove both top and bottom doBuras, place the column in a IS ml 
centrifuge tube and balance against a counierweighx. Centrifuge at 
350 x g for 2 min. 

• Remove the column from the centrifuge cube and discard the liquid in 
the cube. Replace the bottom closure on the drained column and place 
it upright in a rack 

• Using a sterile pipette, transfer 4 ml of the supernatant from the final 
step in Procedure A onto the surface of the resin of the OKgo(dT)- 
CeDulose Spun Column. Avoid disturbing the pelleted cellular material 
during this transfer, 

• Replace the cop closure of xhe column, and invert the column several 
times to resuspend the resin. 

• Gendy mix for 10 minutes by inverting the column manually or by 
placing U on a rocking tabic or similar device. 

• Leaving both closures securely on, place the column in a 15 ml 
centrifuge cube and balance againrt a counterweight. Centrifuge ar 
350 x g for 2 minutes to separate the resin from the suspension, 

• Remove the top closure, decant the supernatant and discard it. Avoid 
disturbing the resin. 

• Apply 3 ml of High-Salt Buffer to the top of the resin and replace the 
top closure of the column. Resuspend the matrix by gentle mixing. 
This may require you to tap the bottom of the column several times. 
Place the column in a 15 ml tube and balance against a counterweight. 
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Centrifuge at 350 x g for 2 minutes. Remove the cap closure, decani 
the supernatant and discard it 

• Repeat die wash using High-Salt Buffer cwo more rimes, exactly as 
described in the step above. 

• Apply 3 ml of Low-Salt Buffer to the column and replace the cop 
closure, Refiuspend the matrix by gentle mixing- This may require you 
to tap the bottom of the column several times. Place the column in a 
IS ml centrifuge tube and balance against a counterweight. Centrifuge 
at 350 x g for 2 minutes. Remove the top closure, decant the super- 
natant and discard ix. 

• Remove the bottom closure. Apply 3 mi of Low-Salt Buffer to the top 
of the resin. Balance against a counterweight. Centrifuge at 350 x g 
for 2 minutes. 

• Place a sterile liml screw-top microcentrifuge tube inside a 15 ml 
centrifuge tube. Place the column inside the 15 ml centrifuge cube in 
such a way that the dp of the column is inside the opening of the 
screw-top microcentrifuge tube (the * collection cube"). 

« Elute the bound pory(A)* RNA as follows, using three washes with 
Elurion Buffer preuxnmed to 65°C For each wash, pipette 0.25 ml of 
buffer onto the top of the column; balance the column (in its collection 
tube) against a counterweight} then centrifuge at 350 x g for 2 minutes. 
Do nor change me collection rube between washes, eo that the entire 
0.75 ml eluate is collected in the same sterile cube. 

• Remove the screw-top microcentrifuge tube bom the 15 ml centrifuge 
cube using clean (flamed) forceps. Place the collected sample and 
remaining Edition Buffer on ice. Proceed to Appendix 2 if a second 
column purification of the sample is desired. 
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Procedure C; Quantitation and Precipitation of 
mRNA 

The concentration of RNA hi the final eluate can be estimated by 
ethidium bromide fluorescence (7) or determined by spectrophotometry, 
as described below. Note, however, that this spectrophotometric 
procedure will consume one-third of the sample. 

• To protect the RNA sample from degradation, pretreav the 0*5 ml 
cuvettes as described in Appendix 1. 

• Place 0.25 ml of the column eluate in a clean microcentrifuge tube and 
add an equal volume of Elation Buffer. Read the absorbanCB of the 
diluted sample at 260 nm in a spectrophotometer blanked against 
Elation Buffer , The absorbance reading at 260 nm must be between 
0.05 and 2.0 to reflect the RNA concentration accurately. If the 
absorbance at 260 nm is above 2, the sample should be diluted further 
to determine the RNA concentration. Do not return the diluted 
sample to the original eluate. 

• Knowing that for RNA, on absorbance of 1 at 260 nm Is 40 ug/ml, 
calculate the concentration of the RNA present in the eluate ([RNA]} 
using t* 1 * formula: 

[RNA] = Ajtf x D x 40 pg/ml 

where D « final dilution factor (in the simplest case above, 
mis would be 2). 

If the absorbance of the diluted sample is greater than or equal to 0,5, the 
sample may be used directly for cDNA synthesis utillaing the cDNA 
Synthesis Kir (27-9260-01 ) t TtmoSaver® cDNA Synthesis Kit (27-9262- 
01), First-Strand cDNA Synthesis Kit (27-9261-01), or Reudy-To-Go™ 
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T-Primed Fim-Strand Kit {27-9263-01). If the absorbance is less than 
0.5, die sample must be precipitated and redissolved at a higher concen- 
tration to ensure efficient cDNA synthesis utilizing either of these kits. 

• To precipitate the isolated mRNA, add 50 pi of K Acetate Solution 
and 10 pi of Glycogen Solution to the remaining 0 J ml of sample. 
Add 1 ml of 95% ethanol (chilled to -20 °C) and place the sample at 
-20°C for a minimum of 30 minutes. If the volume of the RNA to be 
precipitated is more that 0.5 ml, you will need to transfer the material 
to a larger rube and add proportionally more K Acetate Solution (1/10 
volume) and ethanol (2-2 1/2 volumes). The amount of Glycogen 
Solution should remain constant, rcgaxdle&s of volume, 

» ColLect the precipitated mRNA by ceiurifugarion in a microcentrifuge 
at 4*C for 5 minutes. If the RNA is not to be used immediately, store 
it in this precipitated state (In ethanol) at -80*C 

• Decant the supernatant and invert the tube over a clean paper towel. 
Gently tap the tube on the towel to facilitate the removal of excess 
liquid 

« Redissolve the precipitated RNA in an appropriate volume of Eloum 
Buffer or DEPC-treated water. To determine the ''appropriate 11 
volume, consider the RNA concentration desired, the concentration 
before precipitation ([RNA]), and the volume of die sample subjected 
to precipitation. Note, however that the percentage of the RNA 
recovered after precipitation will depend on the roca] amount present. 
With 10 ug of RNA, for example, approximately 70% will be recov- 
ered. You may therefore wish to rcdissolve the pellet in a volume 25- 
50% Smaller than would be required if all of the RNA were 
recovered. 
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Appendix 1: Additional Materials 

As noted on page 7, all plastic- or glassware which may come into 
contact with the sample 6hould be autodaved or otherwise treated xo 
prevent RNase contamination (5). 

• Mechanical or manual tissue bomogemzer (optional). 
■ IS ml centrifuge tubes, 

• U ml scretv-tap microcentrifuge tubes. 

• S ml glass or plastic pipmes. 

• Centrifuge with swmging-hicket rotor for spm^olumn 
chromaiographyi Must be capable of accommodating a 15 ml 
centrifuge ttifce with a spun column inserted into it. 

• 95% ethanol at -20*G 

• Spectrophotometer (optional). 

• OS ml quartz glass cuvettes (optional): Treat by soaking in 
concentrated HCU methanol (111) fox 1 hour and then rinsing several 
times in DEPOcreated water (see below). 

• DEPG-treated water Prepare a 0.1% solution of diethyl 
pyrocaxbonate (DEPC) in distilled watei; stir overnight at room 
temperature, then autoclave (see also ref. 5). 
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Appendix 2: Second Column Purification 

• Invert an OUgo(dT>-CcUulgse Spun Column several times to 
resuspend die matrix. 

• Remove both cop and bottom closures, place tbc column in a 15 ml 
centrifuge tube and balance against a counterweight Centrifuge at 
350 x g for 2 min. 

• Remove the column from the centrifuge tube and discard the liquid in 
die tube. Replace the bottom closure on the drained column and place 
it upright in a rack, 

• Use Ehmon Buffer to bring the final volume of the RNA sample from 
Procedure B to 1 ml. 

• Incubate the cample at 6 J°C for 5 minutes then place on ice for 
5 minutes. 

■ Add 0,2 ml of Sample Buffer, and mix gently. Place on Ice. 

• Prewarm die Elation Buffer to &5'C. 

• Apply the sample to the top of the column bed and allow it to enter 
the matrix under gravity. Remove the bottom closure. 

• Balance the column against a counterweight and centrifuge at 350 x g 
for 2 minute*. 

« Apply 0.25 ml of High-Salt Buffer to the column, then centrifuge at 
350 x g for 2 minutes. Repeat this wash step with an additional 
0J1S ml of High-Salt Buffer, and centrifuge again, 

• Using the same centxifuganon procedure, wash the coLuran three times 
with 0.25 ml aliquoG of Low-Salt Buffer. 
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• Plac e a sterile 1.5 ml screw-top microcentrifuge rube inside al5 ml 
centrifuge tube. Place the column into the latter tube with its tip inside 
the microcentrifuge tube. 

« Elute the bound poly(A)+ RNA as follows* using three successive 
washes with Bhrdon Buffer prewemed to 65*C For each wash, 
pipette 0.25 ml of buffer Onto the top of the column; balance the 
column (in its collection tube) against a counterweight; then centrifuge 
at 3 50 x g for 2 minutes. Do not change the collection tube between 
washes, so that die entire 0,75 ml eluate is collected in the same sterile 
tube. 

• Remove the spun column from the centrifuge tube. Using clean 
(flamed) forceps, recover the nikatxentrifuge tube containing the 
column eluate. Place the tube and remaining Bhutan Buffer on ice. 

• Refer to Procedure C for quantitation of the RNA. 

• If the RNA is not to be used immediately, the sample should be stored 
at *80"C as an ethanol precipitate (see Procedure C). 
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FUNCTION TESTING 

Each component of QukkPrep® mRNA Purification Kic is rested to 
ensure that it n free of RNases. The assembled kit k then tested for ns 
ability to extract calf liver mRNA suitable for direct use in cDNA 
synthesis. 



STORAGE 

QuickPr ep» mRNA Purification Kit should be stored at 4 C C 
ORDERING INFORMATION 



1. The PCR process is covered by U.S. Patents 4,683,135 and 4,643,202 
owned by Hoftnann-L* Roche Ice, Use of die PCR process requires a 
license. Nothing in this publication should be construed tu an authorization 
or Implicit license Co praorice PCR under any patents held by Hoffmann* 
La Roche loc 

2. CbJftjwin, J, M. et al,, Biochemistry 18, 5294 (1979), 

3. Pharmacia Biotech, Analects 17,4 (1989). 

4. Pharmacia Biotech, Analscts 16*,2 (1588). 

5. Sambrook, J., Frittch, E. F. and Maniatis, T, Mckatkr Cloning: A 
Laboratory Manual, Cold Spring Harbor Laboratory Cold Spring Harfcoi 
page 7.3 (1989), 

6. Ausubel» R M, et al, eds., Current Protocols m Molecular Biology 2, 
11J.1 (1989). 

7. See reference 5»page E.5 (1989), 



QuickPrep* mRNA Purification Kit 

REFERENCES 



27-9254-01 
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Pharmacia LKB Biotechnology 
Consumables Catalogue 1992 




Chromatography 
Electrophoresis 
Cell Biology 



18-1022-51 



V^F Pharmacia 

Pharmacia LKB Biotechnology 



Ifinity^hr-omatogtaphy^l 

Oligodeoxynucleotide Media 



Oligodeoxynucleotide Celluloses 

Pharmacia has developed a variety of oligpo(dT)<dluloses for 
laboratories using molecular biology tprfmiques, Oligo 
(dTVceDulose chmraamgraphy is the method of choice for 
mRNA isolation, and also is used for purification of nucleic 
add onyraes, binding of steroid receptors and fracrionaiian of 
oligonucleotides. 

Unlike some competitive products, Pharmacia oligo 
(<n>cel]ulose media have a large quantity of medium length 
(10-20 bases) oligomers on die matrix* This configuration is 
necessary fox successful application of affinity methods. Use 
the Selection Guide on this page to determine the most 
appropriate adsorbent for your application. 



Features: 

• Highly specific for bindmgrxJy<AJ- isolate poly(A) 
containing mRNA from 5CM00 fold quammes of rRNA 

• Can be washed whh alkali solutions- allows repealed use 
of the same column 

■ Ideal affinity media - OIigo(dTHxUolose Type 7 contains 
40 mg oligo(dt) per gram cellulose with oGgo(dT) chains up 
to 25 nucleotides long 



OLIGODEOXYNUCLEOTIDE MEDIA SELECTION GUIDE 



CPflpdeoiynucteotfde Made 
Ofe^dt^iulosc TypeV" 



ttesedptten 



Best ob'^(^^uibse available 
for mUNA feobricm. Oocgia 
=25-^5 ml Also available 
as pre-packed column. . 



OHgo(<fT>Ccllu!nsc Type 77F Ooe g is *2J-3S ml 

Contains a higher % of cellulose 
fines than type 7, resulting in slow 
flow earn. 



OU^ojcfn^j-CeDuIoGc 



Similar to Type 7 andVA, but 
iaaiuxds the longer chain length 
otigcHiudebodtE (ft)^ r 
Orregii-2J.lSmL 



OKgo(<lA)-Ceflulosc Type 7 One g fa -2.5-3 J ml. 



Ofi^dG^Cellnlos? Type T ' Orie.^is^Silrnl 



Ugand Substitution 



"Binds BfclQO A^umnporytA)' 
pec g {in 10 mM7VU{pH 7 J) and 
500mMKa>. 

Bindi A^ units poly(A} 
pec g (ill 10 mM Trii (pH 7.5) and 
lOOmMKO). 

Buids>200A^^*pe*)y(A) ' 
per g (In 20 mM phosphate (pH 7 J) 
andlMNaCl)/ 

Binds tip to bar times the amount of 
nolyadtnyuc tcid as type 7. Binds 
300-400 Agg writs ppjy$A)_ 
perg (in 10 mM Tn» (pH 7-5) and 
500roMKC» : 

Binds 25-50 Awn'onfe p ob/<A) pcrf 
(InSOPmMr* 1 



Binds 25-40 unia 
ppjy(U) per g (in 20 mM 
phosphate (pH 7 J) and 1 M Nad), 

Bin*' VO-20 A^mift potytQ perg . 
(in 20 mM phosphate (pH 7i) 
amJlMNaO). • 



Apofioakms 



ANA comammg poly(A] 



RNA containing poty(A) 



Ejuyute pnrifiunioii 



rVriyfU) sequences, suh as those 
wheh ba^c been Uicwrii to occur 
mHebnudearKNA 

BolytC) se quence s 



Type 7. The inkage Is through the trnnmal phosphate of a nudeoode, generally by a phnsphcdien&r bond 



ORDERING INFORMATION . : 



PRODUCT 



cooe m - product 



SIZE 



bjr^ldtH^lDse Type 7-»:>;r- 'Vv* 



'\|-'«" - .i .r- 



QligQ(cn>Ceilbld» Typa 779 



* 250 mg 



j7-s*4*-pi ; 

27-5671-02 



- 6|tgo(dri)-Cfi[IulQSe Type 7 



50? ms 
500 mg 
500 mg 



27-56S3-01 
27-5663-02 

27-5577-01 
27-5577-02 

27-56654)1 
27-5665-02 



*lUdi-CoMrc columns pi^-pneked with 2 ml of* affinity media. 



Request detnila d Instruments and ayalertra for these techniques. 
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